The formation of immune complexes and their local deposition induces an acute inflammatory response. Diseases such as SLE, RA, immune glomerulonephritis, certain vasculitides, and Goodpasture\'s syndrome are examples where immune complexes are injurious to the host. The cascade of events leading to tissue injury has been studied for nearly a century ([@B1]). The Arthus response is now a classical immune complex model.

The activation of humoral complement has long been associated with immune complex injury and the Arthus response ([@B2]). Activation of the complement system via the classical or alternative pathways results in formation of the cell--lytic complex C5b-9 as well as the generation of the anaphylatoxins C3a, C4a, and C5a ([@B3]). Complement activation products cause degranulation of phagocytic cells, mast cells, and basophils, smooth muscle contraction, and increases in vascular permeability ([@B4], [@B5]). The anaphylatoxin C5a has the most diverse activity profile, including promotion of leukocyte chemotaxis and activation, enhancement of neutrophil--endothelial cell adhesion, induction of granule secretion in phagocytes, as well as induction and release of several cytokines (i.e., IL-1, IL-6, IL-8, and TNF-α) from leukocytes ([@B6]--[@B10]). Several studies in complement-depleted animals or in mice genetically deficient for C5 have been effective in demonstrating reduced injury in anaphylaxis, in the Arthus reaction, and in other complement-dependent inflammatory models ([@B11]).

Investigations in the peritoneal reverse passive Arthus reaction have shown that activated complement and mast cell mediators play a key role in the initiation of neutrophil recruitment ([@B12], [@B13]). Mast cell degranulation as well as the release of TNF-α during the initiation of the inflammatory process were blocked by decomplementation and C5 deficiency.

Recent studies have attempted to redefine the sequence of events leading to the dermal injury in the Arthus reaction. A central role for dermal mast cells and other resident myeloid cells initiating the inflammation via Fc receptor signaling was demonstrated using FcRγ-deficient mice ([@B14]) in comparison to complement-depleted animals ([@B15], [@B16]) and just recently in comparison to C3-, C4-, and C5-deficient mice ([@B17]). Thus, it has been proposed that the immune complex-mediated injury is complement independent and Fc receptor dependent. However, other studies in complement sufficient and complement depleted FcγRIII-deficient mice suggested that the IgG immune complex--mediated Arthus reaction in the skin can be induced via a complement-dependent and a complement-independent pathway, and that the complement-independent pathway depends exclusively on FcγRIII activation of effector cells ([@B18]).

Based on these studies the relative role of IgG Fc receptors and complement in IgG immune complex--mediated injury remains controversial. However, the earlier studies are complicated by the fact that C5-deficient animals are deficient in both the lytic complex C5b--C9 as well as the mediator C5a. Furthermore, there is an assumption that immune complex--mediated inflammation occurs via a single common mechanism. To address these issues throughout the tissues of the body, we analyzed C5aR-deficient mice in three models of immune complex injury.

In this study, we define the role of the C5a receptor for the inflammatory response in cutaneous and peritoneal Arthus reactions in comparison to our studies in immune complex--induced lung injury. We demonstrated that mice which are genetically deficient in the C5aR showed nearly complete protection against inflammation in immune complex--mediated alveolitis. However, we found quantitatively less reduction of the inflammatory response in immune complex--induced peritonitis or skin injury. These studies provide strong evidence that the C5aR plays a key role in the initiation of IgG-mediated hypersensitivity reaction in the lung whereas in the skin and peritoneum the C5aR acts synergistically with other mediators. Furthermore, the data support a critical role for Fc receptors in immune complex--mediated peritonitis and skin injury. Reconciliation of these data with those obtained with C3- and C5-deficient mice may imply that ligands for the C5aR other than C5a exist.

Materials and Methods
=====================

Mice.
-----

C5aR-deficient mice were generated using the method of homologous recombination as previously described ([@B19]). Receptor-deficient mice and their normal littermates were used at the age of 12--14 wk, and were age- and sex-matched for each experiment.

Peritoneal Reverse Passive Arthus Reaction.
-------------------------------------------

The reverse passive Arthus reaction was initiated in the peritoneal cavity by the i.v. injection of chicken egg albumin, 20 mg/kg, followed by the i.p. instillation of 800 μg/mouse rabbit anti--chicken egg albumin Ab, IgG fraction (Organon Teknika, Inc., Durham, NC). Mice treated with Ab i.p., but without i.v. injection of albumin, served as Ab controls. Ag controls received PBS i.p. after pretreatment i.v. with chicken egg albumin. At times indicated after challenge, mice were killed and their peritoneal cavity lavaged with 2 ml of ice-cold PBS, 0.1% BSA. The recovered peritoneal lavage fluid was assessed for differential cell counts and cytokine measurements.

Cytokine ELISAs.
----------------

Levels of soluble murine TNF-α were measured in appropriately diluted peritoneal lavage samples. The TNF-α concentration was determined with a mouse TNF-α ELISA kit as described in the manufacturer\'s instructions (Genzyme Corp., Cambridge, MA).

Murine IL-6 was quantitated in appropriately diluted peritoneal lavage samples using a double-ligand ELISA, specific for murine IL-6. Briefly, flat-bottomed 96-well microtiter plates (Marsh Biomedical Products, Inc., Rochester, NY) were coated with 50 μl/well of rat anti--IL-6 Ab (PharMingen, San Diego, CA) (2 μg/ml in 50 mM carbonate buffer, pH 9.6) for 16 h at 4°C, and then blocked with 2% BSA in PBS and incubated for 2 h at 37°C. Plates were washed four times with PBS, pH 7.5, 0.05% Tween 20 (wash buffer). Cell-free supernatants (100 μl) in duplicate were added, followed by incubation for 4 h at room temperature (RT).^1^ Plates were washed six times, followed by the addition of 50 μl/well of biotinylated rat anti--IL-6 (PharMingen) (2 μg/ml in PBS, pH 7.5, 0.05% Tween 20, and 2% FCS), and plates were incubated for 45 min at RT. Plates were washed six times, streptavidin-peroxidase conjugate (Sigma Chemical Co., St. Louis, MO) was added, and the plates were incubated for 30 min at RT. Plates were washed eight times and 3,3′,5,5′-tetramethylbenzidine peroxidase substrate (Kirkegaard & Perry Labs., Inc., Gaithersburg, MD) was added (100 μl/well) and the reaction was terminated with 100 μl/well of 1:7 (vol/vol) sulfuric acid:H~2~O solution. Plates were read at 450 nm in an ELISA reader. Standards were 1:2 log dilutions of recombinant murine IL-6 from 2,000 to 7.8 pg/ml.

Reverse Arthus Reaction in the Skin.
------------------------------------

Mice were anesthetized by inhalation of methoxyflurane and their basolateral sides were shaved. Varying amounts of rabbit IgG anti--chicken egg albumin (ranging from 25 to 100 μg/25 μl per injection site) or 25 μl sterile PBS were injected intradermally (i.d.), followed immediately thereafter by i.v. injection of 100 μl chicken egg albumin (20 mg/kg). The i.d. injection of the Ab followed by i.v. instillation of 100 μl sterile PBS served as an Ab control. The animals were killed 3, 4, or 8 h later, and 1 cm^2^ injected area of skin was removed, weighed, and processed for quantitation of edema, hemorrhage, and neutrophil infiltration.

Quantitation of Edema and Hemorrhage.
-------------------------------------

At times indicated after challenge, 100 μl of Evans blue dye (6.25 mg/ml) was administered via the tail vein to assess permeability changes and subsequent edema. Edema was measured by determining the wet weight of the skin sections at 3 h after challenge. Specific edema was assessed by subtracting the weight of the control area (PBS injection) from that injected with anti--chicken egg albumin IgG.

In addition, edema was quantitated by measuring the absorbance of formamide extracts of Evans blue dye at 610 nm with a spectrophotometer. To extract extravasated Evans blue dye, tissue samples were incubated in 1 ml formamide at RT for 24 h.

Quantitation of Neutrophil Infiltration.
----------------------------------------

Mice were killed at 8 h, 1 cm^2^ injected areas of skin were removed, and neutrophil content was assessed by quantitation of myeloperoxidase (MPO). MPO was extracted from injected areas of skin and colorimetrically measured as described ([@B20]).

Statistical Analysis.
---------------------

Continuous data wild-type and C5aR (−/−) groups were considered statistically significant when *P* \<0.05, as determined by the unpaired Student\'s *t* test.

Results
=======

Complement-Mediated Leukocyte Elicitation in the Peritoneal Reverse Passive Arthus Reaction.
--------------------------------------------------------------------------------------------

Previously we demonstrated the critical role for complement in immune complex-- mediated acute lung injury ([@B21]) by challenging the C5aR (−/−) mice, selectively eliminating contributions of the C5a anaphylatoxin. In this study we investigated the role of the C5a receptor in the recruitment and activation of acute inflammatory leukocytes in the peritoneal reverse passive Arthus reaction. Administration of rabbit anti--chicken egg albumin Ab in the peritoneal cavity after i.v. injection of chicken egg albumin caused neutrophil influx into the peritoneal cavity as well as secretion of diverse inflammatory cytokines. C5aR-deficient mice showed significantly reduced neutrophil migration compared to their wild-type controls at 4 h (Fig. [1](#F1){ref-type="fig"} *A*) and at 8 h (Fig. [1](#F1){ref-type="fig"} *B*) of the reverse passive Arthus reaction. Neutrophil accumulation reached a maximum at 8 h in both sets of mice. However, the decrease in leukocyte influx in C5aR (−/−) mice compared to their wild-type controls was more profound at 4 h (74%) than at 8 h (51%) suggesting that C5a might contribute more to the initiation of the Arthus reaction rather than in the subsequent recruitment and activation steps.

TNF-α Content during IgG Immune Complex Peritonitis.
----------------------------------------------------

Ag--Ab complexes have been shown to stimulate the release and production of TNF-α, IL-1β ([@B22]), and the IL-1 receptor antagonist ([@B23]) from human monocytes in vitro. We stimulated murine peritoneal macrophages with preformed immune complexes for 8 or 24 h and assayed the cell supernatant for TNF-α and IL-6 content. At both time points we were able to detect significant secretion of both cytokines in vitro (data not shown). The response to immune complexes in vivo has also been reported to depend on the synthesis and release of TNF-α from mast cells, neutrophils, and mononuclear phagocytes. The release of TNF-α during the initiation of inflammation was blocked by decomplementation and C5 deficiency ([@B12]). This prompted us to compare the release of TNF-α in our immune complex--mediated peritonitis model in C5aR-deficient mice versus their wild-type littermates. At 4 h wild-type and heterozygous animals contained 745 ± 140 pg/ml TNF-α (mean ± SEM) (Fig. [2](#F2){ref-type="fig"}) while C5aR (−/−) animals showed significantly decreased TNF-α levels of 321 ± 98.9 pg/ml (mean ± SEM) (Fig. [2](#F2){ref-type="fig"}). At 8 h wild-type and heterozygous animals contained 91.3 ± 19.1 pg/ml TNF-α (mean ± SEM) (Fig. [2](#F2){ref-type="fig"}), while C5aR (−/−) animals showed TNF-α levels of 51.1 ± 11.3 pg/ml (mean ± SEM) (Fig. [2](#F2){ref-type="fig"}) peritoneal lavage fluid. TNF-α was undetectable in the lavage fluids of Ag control animals. These findings indicate that the C5a receptor contributes to the secretion of TNF-α from neutrophils, macrophages, or from mast cells during the course of immune complex--mediated inflammation in the peritoneum. Although neutrophil influx reached a maximum 8 h after challenge, TNF-α levels had already peaked at 4 h and showed significantly lower levels at 8 h after challenge. This suggests that later on in the inflammatory response other inflammatory mediators such as IL-8 (in the mouse: analogs KC, MIP-2) might be responsible for the recruitment of neutrophils.

IL-6 Content During IgG Immune Complex Peritonitis.
---------------------------------------------------

It has been shown that immune complexes also induce the secretion of IL-6 and IL-10 from human monocytes ([@B24]). To test the role of the C5aR and its ligand in regulating IL-6 synthesis in immune complex peritonitis we measured IL-6 levels in the peritoneal lavage samples of C5aR (−/−) and wild-type animals 4 and 8 h after challenge. As demonstrated in Fig. [3](#F3){ref-type="fig"}, remarkable IL-6 levels were measurable at 4 h (wild type: 16.43 ± 3.62 ng/ml IL-6 \[mean ± SEM\]; C5aR \[−/−\]: 5.72 ± 2.42 ng/ml IL-6 \[mean ± SEM\]) and to a lesser extent at 8 h (wild type: 1.88 ± 0.74 IL-6 \[mean ± SEM\]; C5aR \[−/−\]: 0.97 ± 0.18 ng/ml IL-6 \[mean ± SEM\]). No detectable levels of IL-6 were found in Ag controls. In the exudate from C5aR (−/−) mice the IL-6 levels were significantly reduced compared to their wild-type controls at 4 h (65.2%), whereas the decrease in IL-6 levels in the C5aR (−/−) mice at 8 h (34.8%) did not reach statistical significance. These results suggest that C5a enhances IL-6 secretion mainly in the earlier phase of immune complex--induced inflammation in the peritoneum.

Reverse Passive Arthus Reaction in the Skin Attenuated by C5a and its Receptor.
-------------------------------------------------------------------------------

Reverse passive Arthus reaction in the skin caused dramatic PMN infiltration at sites containing the anti--chicken egg albumin Ab accompanied by severe edema and hemorrhage in wild-type animals. These responses were significantly, but not completely, attenuated in C5aR deficient mice.

Neutrophil Influx.
------------------

Leukocyte influx in the reverse Arthus reaction in the skin reaches a maximum at 8 h after challenge ([@B25]). Therefore, we evaluated neutrophil influx at 8 h. The margination of neutrophils was quantitated by using the myeloid specific enzyme MPO as an indicator of neutrophil accumulation. With a dose of 100 μg Ab/site, a dramatic PMN influx was observed at 8 h. As demonstrated in Fig. [4](#F4){ref-type="fig"} the MPO activity in C5aR-deficient mice was significantly lower (43.8%) than in wild-type littermates. No MPO activity was detected in skin which was treated only with PBS and only very weak MPO activity was observed when mice were treated with 100 μg Ab/site without application of Ag.

Edema and Hemorrhage.
---------------------

Edema was measured by determining the wet weight of standardized skin punches at 3 h after treatment. In addition, alterations in vascular permeability were determined by i.v. injection of Evans blue dye 1 h after treatment and quantifying the amount of Evans blue dye in the skin biopsy. Evans blue dye binds to serum proteins and thus can be used to quantify alterations in vascular permeability. The skins of wild-type mice and C5aR-deficient mice were harvested at 3 h after initiation of the Arthus reaction with 25 μg Ab/site. As demonstrated in Fig. [5](#F5){ref-type="fig"}, *A* and *B*, edema was evaluated as weight of skin biopsies (Fig. [5](#F5){ref-type="fig"} *A*) or as Evans blue dye extravasation (Fig. [5](#F5){ref-type="fig"} *B*). No edema was observed in Ag or Ab controls. In both wild-type mice and C5aR-deficient mice profound edema was noticed. However, there was significantly less edema as determined by Evans blue dye extravasation and wet weight of skin biopsies in the C5aR-deficient mice compared to their wild-type littermates (Fig. [5](#F5){ref-type="fig"}, *A* and *B*) 3 h after challenge (permeability changes: 54.7%; weight: 48.1%).

Discussion
==========

Inflammatory injury initiated by immune complexes, as modeled by the reverse Arthus reaction, demonstrates the toxic effects of the inflammatory response ([@B26]). With complement activation in immune complex--induced inflammation complement fragments C3a (C3a des Arg), C5a (C5a des Arg), and C5b-9 are generated, which lead to neutrophil accumulation and stimulation as well as mast cell degranulation at sites of inflammation. Earlier studies in cobra venom factor (CVF)-treated animals ([@B27], [@B28]) and in C5-deficient mice ([@B29]) have suggested that some components of complement are central to the main inflammatory reaction in immune complex--mediated lung injury. Parameters of permeability and hemorrhage decreased towards control values in complement-depleted rats after treatment with preformed immune complexes ([@B27]). C5-deficient mice showed a significant decrease in cell migration, pulmonary histologic finding, and wet/dry weight ratios of lungs after immune complex--mediated lung inflammation in comparison to wild-type animals ([@B29]). Because CVF-treated animals or C5-deficient mice lack multiple mediators in addition to C5a, we previously isolated the central contribution of the C5aR in immune complex--mediated lung injury ([@B21]). However, the role of complement, and by inference, C5aR in other models of immune complex-- induced inflammation has been questioned.

In this study, taking advantage of transgenic mice genetically deficient in the C5aR, we demonstrate an involvement of this receptor in several models of immune complex injury. Assessment of the reverse Arthus reaction in the lung, peritoneum, and in the skin demonstrates that the complement C5a receptor is implicated in the Arthus reaction, but quantitatively to different degrees in the various tissues. In the lung, immune complex--mediated activation of complement and subsequently the release of the anaphylatoxin C5a has been shown to be the main event triggering the IgG-mediated hypersensitivity reaction ([@B21]). The lung tissues of the immune complex--challenged C5aR (−/−) mice appear to be indifferent from those of the controls challenged with Ab or saline, as quantitated by measuring extravasation of Evans blue dye into alveolar space and exudation of neutrophils into the airways and lung alveoli. Thus, we conclude that C5a acting through its specific heterotrimeric GTP-binding protein--coupled receptor is essential for the formation of the full injury seen in this model of immune complex--mediated lung injury. However, when C5aR-deficient mice were assayed in the immune complex--mediated peritonitis and skin injury, the C5aR was less central to the inflammatory response. Our data show that while C5aR deficiency significantly reduces the inflammatory response in both immune complex-- mediated peritonitis and dermal reverse Arthus reaction, C5aR-independent pathways occur.

In the peritoneal reverse passive Arthus reaction, we observed significantly reduced neutrophil infiltration in the C5aR-deficient mice compared to their wild-type controls at 4 h (74%; Fig. [1](#F1){ref-type="fig"} *A*) and also at 8 h after challenge (51%; Fig. [1](#F1){ref-type="fig"} *B*). The decrease in neutrophil infiltration was more profound after 4 h than after 8 h, suggesting that C5a is important for neutrophil recruitment in the early phase of the inflammatory response. Studies in rabbits investigating the generation of neutrophil chemoattractants in ischemic myocardium reperfusion showed that C5a was generated within 5 min whereas other neutrophil chemoattractants such as IL-8 were released after a delay ([@B30]). I.d. injections of the same chemoattractants into the skin of guinea pigs demonstrated C5a-induced eosinophil accumulation of i.v. administered eosinophils within the first hour. In contrast, IL-8 showed a delayed induction of eosinophil accumulation compared to C5a ([@B31]). The parallel reduction of TNF-α levels in the C5aR-deficient mice (Fig. [2](#F2){ref-type="fig"}) suggests that the decrease in neutrophil migration in the peritoneal cavity in the C5aR (−/−) mice may be partially due to the decrease in TNF-α secretion from macrophages and mast cells. The reduction of neutrophil infiltration in the peritoneal cavity in C5aR-deficient mice of 50--70% is similar to the findings in recently published data ([@B13]), which were aimed to elucidate the role of complement in mast cell activation and neutrophil recruitment in immune complex-- induced peritonitis in mast cell--deficient, C5-deficient, and decomplemented mice. In all three deficiencies a reduced neutrophil influx of 40--60% and a reduced TNF-α release of 40--70% were observed. Complete inhibition of both parameters was observed in decomplemented mast cell--deficient mice, suggesting a close link in vivo between complement and mast cell activation and neutrophil recruitment in the peritoneal reverse passive Arthus reaction. As well as decreased TNF-α levels, we observed a significant decrease in IL-6 levels in the peritoneal lavage samples of C5aR (−/−) animals compared to their wild-type controls 4 and 8 h after challenge (Fig. [3](#F3){ref-type="fig"}). IL-6 is a proinflammatory cytokine which induces the synthesis and release of acute-phase proteins by hepatocytes and serves as a growth factor for activated B cells. IL-6 is detectable in the circulation following gram-negative bacterial infection or TNF-α infusion. Recent publications have shown that C5a enhances LPS- induced IL-6 release in vitro and in vivo ([@B9], [@B32]). However, IL-6 may also function as an antiinflammatory mediator causing inhibition of acute neutrophilic efflux and LPS- induced TNF-α release ([@B33]).

Here, we demonstrate decreased IL-6 levels in C5aR-deficient mice during the course of immune complex-- induced inflammation. These data provide direct in vivo evidence for an immune regulatory role of the C5aR and its ligand through enhancement of IL-6 secretion, a cytokine which may function as a proinflammatory as well as an antiinflammatory mediator.

In the reverse passive Arthus reaction in the skin the absence of the C5aR-reduced neutrophil infiltration by ∼40% and permeability changes with associated edema by ∼55%. Thus, in comparison to our IgG-mediated Arthus reaction in the lung, where we observed essentially quantitative inhibition, the inflammatory reaction in the skin showed partial abrogation through disruption of the C5aR gene. Our data in the dermal Arthus reaction are in agreement with studies in FcγRIII-deficient mice, which showed that variation in the extravasation intensity in FcγRIII (−/−) mice correlated with fluctuation in serum complement levels ([@B18]). After complement depletion with CVF complete abrogation of extravasation in all FcγRIII (−/−) mice was observed, while wild-type mice remained unaffected by CVF treatment. These data suggest that IgG immune complex--mediated Arthus reaction in the skin can be induced via a complement-dependent and a complement-independent pathway. In contrast, Sylvestre and Ravetch ([@B15]) showed that the Arthus reaction in the skin is markedly attenuated in animals deficient in the FcRγ chain and not significantly altered by treatment of both wild-type and FcRγ (−/−) animals with CVF. Therefore the authors conclude that complement has only a secondary role by amplifying the FcR-triggered response. More recently, Sylvestre et al. studied IgG-mediated inflammatory response in the skin in C3-, C4-, and C5-deficient mice ([@B17]). In their view, the activation of cell based FcγR receptors, but not complement, is required for Ab-triggered murine inflammatory responses.

To demonstrate partial abrogation of a dramatic inflammatory response, as we observed in the C5aR (−/−) mice in the IgG-mediated Arthus reaction in the skin, sensitive and quantitative measurements are required. Therefore we complemented our histologic observations with quantitative measurement of neutrophil migration (MPO data; Fig. [4](#F4){ref-type="fig"}) and quantitative measurement of permeability changes (Evans blue dye extravasation; Fig. [5](#F5){ref-type="fig"} *B*). By simple microscopic interpretation through histological scoring of hemorrhage, edema, and neutrophil infiltration, one may overlook partial contribution of other inflammatory mediators such as complement in the IgG-mediated Arthus reaction in the skin.

These data support a model where immune complex-- mediated injury has multiple, redundant components. The degree of dependence on the complement C5aR, FcR, and mast cells appears to be tissue specific. With regard to the C5aR, the contribution is lung \> peritoneum \> skin (Fig. [6](#F6){ref-type="fig"}). Additionally, a kinetic contribution occurs, with C5aR more important in early inflammation in peritoneum and skin.

In summary, the data suggest that the mechanisms of immune complex injury are more complex than currently appreciated, and that local environments may utilize distinct inflammatory pathways to the same end point.

Finally, we acknowledge that C5aR deficiency is not synonymous with C5a deficiency, because the C5aR may theoretically interact with other ligands to promote inflammation. This latter issue might explain differences between C3- and C5-deficient mice versus C5aR (−/−) mice in the dermal reverse Arthus reaction. Should another ligand exist for the C5aR, its presence in C3- and C5-deficient animals would obscure the role of the C5aR reported here.
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###### 

Role of C5a in neutrophil elicitation in immune complex--induced peritonitis. The reverse passive Arthus reaction was allowed to proceed for 4 h (*A*) or 8 h (*B*) in C5aR (−/−) mice (*striped bars*) and their wild-type littermates (*black bars*). Total cell numbers (data not shown) and percentage of neutrophils in the peritoneal fluid were determined as described previously ([@B13]). Ab controls (*Ab control*) received Ab to chicken egg albumin i.p. without i.v. injection of chicken egg albumin. Mice treated with PBS i.p. followed by i.v. chicken egg albumin served as Ag controls (*Ag control*). Data are represented as mean ± SEM, *n* = 7--8 mice \**P* \<0.004 (*A*), and *n* = 8--11 mice \**P* \<0.05 (*B*).
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![C5a-dependent secretion of TNF-α. The reverse passive Arthus reaction (*IC*) was allowed to proceed for 4 or 8 h in C5aR (−/−) (*dotted bars*) mice and their wild-type littermates (*black bars*). TNF-α content in the peritoneal fluid was determined by a TNF-α--specific ELISA. Ab controls (*Ab control*) received Ab to chicken egg albumin i.p. without i.v. injection of chicken egg albumin. Mice treated with PBS i.p. followed by i.v. chicken egg albumin served as Ag controls (*Ag control*). Data are represented as mean ± SEM, *n* = 14--17 mice (4 h) and *n* = 7--9 mice (8 h). \**P* \<0.025.](JEM.970777f2){#F2}

![C5a-dependent secretion of IL-6. The reverse passive Arthus reaction (*IC*) was allowed to proceed for 4 or 8 h in C5aR (−/−) mice (*dotted bars*) and their wild-type littermates (*black bars*). IL-6 content in the peritoneal fluid was determined by an IL-6--specific ELISA. Ab controls (*Ab control*) received Ab to chicken egg albumin i.p. without i.v. injection of chicken egg albumin. Mice treated with PBS i.p. followed by i.v. chicken egg albumin served as Ag controls (*Ag control*). Data are represented as mean ± SEM, *n* = 14--17 mice (4 h) and *n* = 7--9 mice (8 h). \**P* \<0.004.](JEM.970777f3){#F3}

![PMN infiltration in the reverse Arthus reaction in the skin. Extraction of MPO from skin of C5aR (−/−) (*striped bars*) mice and their wild-type littermates (*black bars*) was performed 8 h after initiation of the Arthus reaction. Ab controls (*Ab control*) received Ab to chicken egg albumin intratracheally without i.v. injection of chicken egg albumin. Mice treated with PBS intratracheally followed by i.v. chicken egg albumin served as Ag controls (*Ag control*). Data are represented as mean ± SEM, *n* = 12--13 animals in each group. \**P* \<0.003.](JEM.970777f4){#F4}

###### 

Edema formation in the reverse Arthus reaction in the skin. 25 μg of rabbit anti--chicken egg albumin IgG was injected i.d. followed by 20 mg/kg body weight i.v. chicken egg albumin together with 100 μl Evans blue dye (6.25 mg/ml). Dorsal skins were harvested from C5aR (−/−) mice (*striped bars*) and their wild-type littermates (*black bars*) after 3 h and edema was evaluated as weight of 1 cm^2^ skin sections (*A*). In addition, edema was quantitated as enhanced microvascular permeability by extraction of extravasated Evan\'s blue dye with formamide from injected skin sections (*B*). Ab controls (*Ab control*) received Ab to chicken egg albumin intratracheally without i.v. injection of chicken egg albumin. Mice treated with PBS intratracheally followed by i.v. chicken egg albumin served as Ag controls (*Ag control*). Data are represented as mean ± SEM, *n* = 8--12 animals in each group. \**P* \<0.001 (*A*), \**P* \<0.0001 (*B*).

![](JEM.970777f5a)

![](JEM.970777f5b)

![Effect of C5aR deficiency in immune complex--induced neutrophil influx and permeability changes. The decrease in neutrophil influx and permeability changes in C5aR (−/−) (*dotted bars*) is shown as percentage of wild-type controls (*black bars*; normalized to 100%). Results are expressed as means, *n* = 7--13 animals in each group.](JEM.970777f6){#F6}
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